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Abstract There has been great focus in the recent trade theory literah the introduction
of firm heterogeneity into trade models. This introductias highlighted the importance of
the entry/exit decision of firms in response to changes @ettarriers. However, it is typical
in many of these models to use iceberg transport costs asaadéorm of trade barriers that
can be interchangeable with ad valorem tariffs. | show thiatis not always an appropriate
conclusion. Specifically, | illustrate that profit for an @xger is more elastic in response to
tariffs than iceberg transport costs, which affects theygexit decision of firms. This has

implications for welfare analysis and empirical specifimas.
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1 Introduction

There has been great focus in the recent trade theory literan the introduction of firm
heterogeneity into trade models beginning with Jean (286&)Melitz (2003). These mod-
els, among many others, have provided a significant advaereimthe literature on intra-
industry trade since its conception with Krugman (1979,098his comes, in part, from
highlighting the entry and exit mechanism of firms. In facha@ey (2008) illustrates how
properly accounting for the extensive margin, in a modehwiitm heterogeneity, actually
reverses the Krugman (1980) prediction that the elastafigubstitution magnifies the sen-
sitivity of trade flows to trade barriers. Additionally, tleatry and exit of firms has direct
ramifications for the number of varieties in equilibriumn& consumers in these models
show a love of variety, this has important welfare implioas; if more low productivity
domestic firms exit in response to lower trade barriers tbagidn exporting firms enter, the
domestic country actually loses varieties from freer trades is indeed interesting since

all the gains from trade in the “New Trade Theory” stemmedepuirom gains in variety.

The more recent trade theory models still find gains frometr&tbwever, the effect on
product variety has less consensus. In Melitz (2003), tieeedn the total mass of varieties
in a particular country is left ambiguous. Baldwin and For§2010) address this issue and
find that decreased trade restrictions, in fact, have a eouiitive anti-variety effect for
the importing country. However, Melitz and Ottaviano (2p@iAd that decreased trade re-
strictions have a pro-variety effect. In all three modetsi(emost models dealing with such
issues), trade restrictions are modeled as the standérergctransportation codtAlthough

iceberg trade costs are equivalent to ad valorem tariffemessettings, they are not equiva-

1 Broda and Weinstein (2006) show that growth in product wafiem US imports has been an important
source of gains from trade.

2 “Iceberg” transport costs are defined as a firm needing torskig than one unit of good in order for
one unit to arrive; the additional units “melt” away.



lent in the case of monopolistic competition. Therefore caenot take the lessons learned
from the existing literature and blindly apply them to chesign tariffs® A key contribu-
tion of this paper is to show iceberg transport costs affeat firofits and consequently the
entry/exit decision differently than ad valorem tariffssinmonopolistic competition setting.
At first glance, this may seem to be a minor point. But, in med#l monopolistic com-
petition, the entry/exit decision affects total productiety and the aggregate price index;
both of which determine welfare. In some sense, this is nlikeithe literature contrasting
the effects of ad valorem with per-unit transport cdsksowever, the difference between
iceberg transport costs and tariffs are more subtle be¢hade/o trade barriers are both ad
valorem and the prices consumers pay are identical undarreatiction. It is this subtlety

that makes it so important to bring these differences ta.ligh

To accomplish this, | provide a highly tractable model ofenegeneous firms that al-
lows for asymmetric changes in three types of trade barrieeberg transport costs, ad
valorem tariffs, and the additional fixed cost to become gyoeter. Chaney (2008) uses a
model with asymmetric iceberg transport costs and coutitgsgo investigate the effects
of the elasticity of substitution on both the intensive amtensive margins of trade. He
finds that the elasticity of substitution always dampensitfgact of variable trade costs
on trade flows. In particular, the decreased sensitivityhef éxtensive margin outweighs
the increased sensitivity of the intensive margin. Howevariable trade costs are modeled
only as iceberg transport costs and not ad valorem tarifisisTin this regard, my paper
complements Chaney (2008) as it illustrates how the enditydecision of a firm is different

depending on whether one models trade barriers as icelaegptort costs or ad valorem tar-

3 Similarly, it may not be appropriate to simply “waste” tarif/enue in order to model iceberg transport
costs as Jgrgensen and Sxfer (2008) does.

4 See, for example, Irarrazabal et al. (2010) who show thatanetjains from reducing per-unit frictions
are higher than that of reducing iceberg frictions.



iffs. In a general equilibrium model, this difference wiffect the extensive margin directly
and the intensive margin indirectly.

In order to provide the most tractable baseline model, | mak®us key assumptions
that greatly ease the analysis of a situation with hetereges firms and endogenous en-
try. First, | assume firms are heterogeneous across fixed Testigh the majority of the
recent models assume firms are heterogeneous across rhaagihdahere is a growing lit-
erature that assumes firms differ across fixed cost, e.g. 8cimd Yu (2001), Jgrgensen
and Schider (2006, 2008), and Davies and Eckel (2003@rgensen and Sdider (2008)
provide a very nice motivation for the use of fixed cost hegermity. For instance, they
point out that fixed cost heterogeneity is more appropridte so-called “original brand
name manufacturers” that differ in the power of their braadhe — a result of marketing
and other fixed cost activities. Arkolakis (2008) also inmmates marketing into a model
with heterogeneous firms. Though firms can differ in expemdg on marketing, the main
source of heterogeneity is from marginal cost in this mo@lkeis coincides well with recent
empirical results that suggest there is heterogeneity edfes well as marginal cost. For
instance, Cole, Elliott, and Virakul (2009) find that sunistso(which are identical to fixed
costs in my static model) and firm characteristics are ingmarfactors in explaining Thai
manufacturing firm’s decision to expdti. have chosen to use fixed cost heterogeneity for
three reasons: using marginal cost heterogeneity will habge the qualitative results; mar-
ginal cost heterogeneity will complicate the comparatiaiss significantly; and there is

evidence that firms do differ across fixed cdsts.

5 See Cole (2010) for an explicit description of how my paper dements Chaney (2008).

6 A key difference between Jggensen and 8dar (2006, 2008) and my model is that all firms, purely
domestic and those who export, are heterogeneous across€iggdvhere Jgrgensen and Siter (2006,
2008) only allow the fixed cost texport to differ.

7 See also Eaton et al. (2008) who use a Melitz-type model eaditirto a French data set, and Lawless
and Whelan (2008) who explain trade flows for Irish owned firms.

8 The use of fixed cost heterogeneity results in all firms of theesétype” (either pure domestic or
exporting) to charge the same price. This obviously affents iemand and profits which in turn affects the



Second, | assume the representative consumer has DigiitSpireferences embedded
in a quasi-linear utility function. The cost of this assurptis that the income elasticity
of demand for the heterogeneous good is zero. Despite thethizsassumption is not en-
tirely uncommon in the literature. Chor (2009) uses a sintgghnique to investigate the
merits of subsidizing foreign direct investment (FDI) in adel with heterogeneous firns.
Moreover, some models use more general utility functions then make other simplify-
ing assumptions that mitigate income effects. DemidovaRoufiguez-Clare (2009) utilize
a small country assumption to eliminate any income feedledfgcts. Similarly, Chaney
(2008) makes a small/remote country assumption to ensanegels in transport and fixed
costs have no significant impact on the general equilibdfinm this paper, quasi-linear
preferences prove useful beyond the simplifications theyige. My goal is to compare the
differences between iceberg transport costs and ad val@neffis. Tariffs generate income
and transport costs are often assumed to be lost. Thu$s taatild create an income effect
whereas iceberg transport costs would not, clouding therdifice | focus on. Alternatively,
| could model a transport sector that generates income,watild need to take up a stance
on which country the transport sector resides in as the iecoould affect demandt:

Finally, in addition to the typical barriers to trade (t&sifind transport costs), | con-
sider the effect of “foreign beachhead costs”, that is, éffosed costs necessary to switch to
engage in exporting? This is often a minor consideration, but with the rapid tesibgical
growth and service industries being created to facilitatress operations, these beachhead

costs are becoming increasingly important. Friedman (20j explains, “...UPS also has

entry and exit decision. However, this does not eliminatedifierences between iceberg transport costs and
ad valorem tariffs as trade barriers.

9 See also Becker (2009).
10 Chaney (2008) points out that relaxing this assumption weittforce his results.

11 1t should be noted that income does change in response to eéhamdrade barriers and this income
change affects welfare. However, it will all be through o@sin consumption/production of the numeraire
and not affect the heterogeneous goods sector.

12 The term ‘beachhead’ costs was coined by Baldwin (1988).



a financing arm — UPS Capital — that will put up the money fortthasformation of your

supply chain, particularly if you are a small business andtdwve the capital...UPS is cre-
ating enabling platforms for anyone to take his or her bissirggobal or vastly improve the
efficiency of his or her global supply chain”. This has dinegplications for these particular
beachhead costs and needs to be considered in conjunctionmuestigating changes in

other trade restrictions, as they may have conflicting tesul

The paper proceeds as follows. Section 2 sets up the modelamndcterizes the equi-
librium. Section 3 analyzes the results including a disicussf the results under alternative

modeling assumptions including marginal cost heteroggrgéction 4 concludes.

2 The Model

There are two countries labelédand j. Countryk (j) is endowed withL (Ej) units of
labor which is the sole factor of production. Without lossgeherality, let_, > Ej. There
are two sectors. Sector 1 is the numeraire and consists ofadeneous goody) that is
produced under constant returns to scale, freely tradetisald in a perfectly competitive
market. Sector 2 consists of a continuum of differentiatedds, each variety of which is
indexed byi. As is standard in the Melitz model, this is produced underaasing returns to
scale in a monopolistically competitive market with fregrgnUnlike sector 1, this market
may face both transportation costs and tariff barriershWie exception of different labor
endowments and (potentially) tariff rates, countries demntical. Therefore, analyzing the
situation for countryk informs us of the analogous situation for counjryand | will refer

to countryk as the domestic country to ease discussion.



2.1 Sector 1

The price of goody is normalized to 1 in each market. Assuming that one unit bbila
is needed for production, this will normalize the wage inteaountry to unity. Finally, |

assume that in equilibrium a positive amount of gdoid produced in each country.

2.2 Consumers

The representative consumer in couritrijas quasi-linear preferences with an embedded

Dixit—Stiglitz utility function which displays love for w@ety over the heterogeneous good;
1
Ny . N«
U= i+ = [ xdiai) " >0 M)

wheree =1/(1— a) > 1 s the elasticity of substitutiolN is the total mass of varieties in
countryk, Yx denotes aggregate consumption of the numeraireXaedn be interpreted as
the amount of a composite good comprised of the differerietias of the heterogeneous
goodx(i). Quasi-linear utility will isolate the decision whetherltecome an exporter or
not without any income feedback effects; providing a motiek allows for asymmetric
changes in trade restrictions to be easily analyzed. Merethis specification allows me to
compare the differences between an ad valorem tariff afetiggrade costs on productivity
and variety without having to account for the income effedtthe tariff or the “wasteful”
costs of iceberg transport costs. Finally, | assume thanecin each country is sufficiently

large that botty andx goods are consumed.

Consumers maximize utility subject to their budget coristra

[ i+ <y @



wherepg(i) is the price of variety paid by consumers anig is aggregate income in country
k.13 The solution to this problem yields a demand function for ltleéerogeneous good of

varietyi in countryk:
PR() Fu

Jo* pE(i)-edi ©

X(i) =

Since preferences are identical across both countriedlats that the total expenditure on

the heterogeneous good is equalti both foreign and domestic markets.

2.3 Heterogeneous Firms

There are a continuum of firms, each of which holds a uniquéippnon an index, where
each point represents a unique variety and productivity léfehrmed with this index the
firm decides whether to serve the domestic market and/orwbeseas market. To serve a
given market, the firm must incur a fixed cost. These costsedegred to as ‘beachhead’
costs and can be interpreted as forming a distribution andcgsy network. To serve its
domestic market, a firm with indexmust hiref (i) units of labor (making the fixed cost
of serving this markef (i)). If a firm chooses to serve the foreign market, it can do so
through exports and pay axtra yf (i). | assume thag > 1; f'(i) > 0 andf”(i) > 0, i.e. the
mapping from the index to the labor required for beachheatkde increasing and convex

in the index!® Thus, firms requiring fewer workers to cover beachhead duste a lower

13 Note that if tariffs are set to zero or the firm is domestic thieqs, py(i) = pg(i), are equivalent. Fur-
thermore, recall that under perfect competition, the pricgisfequal to one.

14 One interpretation of the model is that firms are owned by ergrequrs and that firm profits accrue to
these entrepreneurs. In my representative agent settiegg frofits would simply enter national income in
the same way that wages do, therefore | discuss the model in tdrfinms to avoid needless jargon. This
interpretation is similar to that of Yu (2002). Additionallyyis common in heterogeneous firm models to have
entrepreneurs draw from a distribution of productivitiefi€n at a cost). The advantage to that approach is
that it permits multiple varieties to have the same produgtiVihe cost, however, is one of added complexity
and additional assumptions since modelers are often forcpdrtameterize this distribution (the Pareto dis-
tribution is a common choice). Here, my assumption of uniqueetgproductivity combinations aids greatly
in the presentation of my results in the simplest, most traetitshion.

15 The assumption that > 1 is fairly standard (e.g. Melitz (2003)) and important. Irasely seen that
a firm (particularly not a multinational) that sells abroad bat at home and as long as expenditure on the



indexi. These fixed cost differences are the source of firm heteaiyeA firm, therefore,

faces the menu of fixed costs (measured in units of labostitiied by Table 1:

Table 1 Fixed Cost Menu

Firm Type Fixed Cost

domestic only f(i)
domestic and exporter (1+y)f (i)

Goods that are exported from counkrio countryj are subject to melting-iceberg trans-
port costsg = 1+ s> 1, where a firm must shig units in order for one unit to arrive at its
destination. | assume that transport costs are symmetlithars omit country subscripi§.
| do not investigate the effect of a per-unit transport cesice marginal costs are identical
for all exporting firms, this would have the same effect abérg transport costs. Addition-
ally, an exporting firm from countri is subject to an ad valorem tariff, where | define
tj = 1+ 1. Furthermore, | assume that a government is unable to gissh a particular
firm’s type, so any tariff is an across-the-board tariff aggbko all exporters. Note that tariffs

can differ across countries.

The decision to become a firm and which market(s) to servipermi#s on the associated
profit for each type. Recall that the numeraire yields wagggkto one in both countries,

thus the operating profits from serving the domestic manieet a

16 (1) = pr(i)a(i) — a(i) — (i) (4)

heterogeneous good are tat different, this ensures that will never happen. Moreoveipes so by allowing
profits in both countries to be additively separable, whichuite attractive. Relaxing this assumption, but
restricting the firm to sell at home before exporting wouldyordmplicate the model without changing the
qualitative results.

16 This assumption is only done for notational ease. In ordenestigate asymmetric changes in transport
costs, one only needs add a country subscript.to
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Given the nature of monopolistic competition, the pricel W& a constant mark-up over
marginal cost and be equal gn From market clearing, sef(i) = x«(i), and the firm has

the following profit function for supplying to the domestiamet only:

15 (i) = B — f (i) )

where
1 H
Bk = (Salf“:) 9&75

1
and % = (fONk pﬁ(i)lfgdi) s the aggregate price index of the heterogeneous good.

The decision to become an exporter stems purely fronaddgional profits from serv-
ing the foreign market’ The main contribution of this paper is to illustrate thatréhes
an important distinction between modeling trade resbiwias iceberg transport costs or
ad valorem tariffs. Consequently, | will explicitly deritiee additional profit function from

exports for the firm in countrit exporting to countnyj. This function is:
T8 () =t Py (D)) () — 73y (1) (1) — 0% () — v F (). (6)

It can easily be seen byp; (i)x; (i) — jp; (i)x;(i) = p;(i)x; (i), that imposing a tariff on the
firm is analogous to imposing it on the consumer. Recallilagp)fft(i) is the price consumers
pay, the demand for varietyis

i1 Iypi()] o

Xj(i) = — = — .
S R pstyedi g pe(iyted

(@)

17 since preferences are identical across both countriesidifs that the total expenditure on the heteroge-
neous good is equal §@in both markets. Furthermore, recall that technologies amdass of entrepreneurs
are also identical across countries. This, along with 1, is sufficient to ensure that a firm which exports
will always serve the domestic market.
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Thus (6) can be written as

[tjp; ()] *u

N; . .
Jo" p5(0)-edl

(i) = [p; (i) - o] —yf() @)

Note that the presence of a tariff is just a monotonic tramsé&ion of the profit function, so
the firm’s optimal price setting rule is unaffected by theftdit is still a constant markup
over marginal cost). However, the price paid by the consupSers affected. Therefore, the

exporting firm’s optimal price is

. 4o} g
P=-1"7%=4 ©)
and the price consumers pay for exported variety (imporiuh their perspective) is
tio
C (i J
(i) = 31— 1
P =, (10)

Thus, regardless of whether one chooses to model tradetiests as iceberg transport
costs, ad valorem tariffs, or some more general term encssimathem both¢ =to, the
effect on the price consumers pay is the same — the restristicompletely passed through
onto them.However, the effects on firm profits are, in fact, different and thisnigortant
when dealing with a general equilibrium model and firm enfoysee this, insert the price,

(9), into the firm profit function (8)

) = [ -0 (B0) " K i, (1)
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The underbraced term is the key here. Due to the monopatiatiere of the model, firms
charge a markup over marginal cost and transport costs eled@d in marginal cost
Recallo = 1+s. If a firm ships one unit, it losesunits in transport, but gaing from it's
ability to charge a price higher than marginal cost, for agaét (excluding demand effects)

of -2 > 0. Conversely, a tariff results only in decreased demand;wdis seen by (10) is

ae
identical to that of iceberg transport costs. Thus, not @y profits higher with iceberg
transport costs compared to an identical ad valorem téff ,the sensitivity of profits to

changes in these two different forms of trade restrictioifferd as well; i.e. the variable
profit will be more elastic with respect to tariffs than icefpéransport costs? Essentially,

through monopolistic power, the firm is able to recoup a partf its losses in transport;
whereas tariff revenue is completely captured by the ddamgstvernment. The markup over

marginal cost drives a wedge between the effect of icebargport costs and an ad valorem

tariff.

The effect of trade restrictions on product variety is andm@nt welfare consideration
and is determined by the extent domestic varieties enteplace imported foreign varieties.
Since the choice of trade restrictions affects the varipbddit elasticity and consequently
the foreign firm’s decision to enter or exit, this has implicas with regard to product

variety. For notational ease, | will write profits from exfoas:

(i) =t fot B —yf(i). (12)

Again, note the different exponents on tariffy @nd transport costw{, a difference at the

heart of the differing variety effects.

18 Note that, in perfect competition, price equals marginal ewst the standard result of iceberg costs
having the same effect as an ad valorem tariff still holds.
19 This will be shown later.
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2.3.1 Relaxing Modeling Assumptions

In this section, | briefly describe the effects of two specigsumptions on the results’
generality. To begin, suppose firms were additionally legfeneous across marginal costs,

a(i). This means that firms will charge a different price; spealljc@ for an exportef®
Additionally, Ieth(pJ@, li(-)) be the expenditure on the heterogeneous good in country
which is a function of the vector of prices and income. Thar@fan exporting firm is faced

with the following general profit function:

;,—/ £ [f(i)iD a(i)l-¢di +[(_le)< (t; Ua(i))l_e di

(i) = [t-‘eal‘s} SRl } —yf() (13)

i.e. theB; term becomes more complex.

For a baseline model, | assume thét) = 1 for alli, andM; = p. It can be seen that al-
lowing marginal cost to differ across firms will have an affea the results. However, since
thet; is raised to a different exponent tharin the underbraced term, differences still arise
for different trade barriers. Furthermore, using a diffeenatility function will obviously af-
fect Mj (pf, 1;(-)).2% In particular, tariffs generate income where iceberg fpaniscosts are
generally assumed to be wasted. There are two points to be witldregard to this: One, in
order for tariffs to have the same affect on exporting firmfits@s iceberg transport costs,
the utility function would have to result iN;(p{, 1 (tj,-)) = tjM;(pS.1;(-)), which is more
restrictive than assuming quasi-linear preferences; and as mentioned in the introduc-
tion, thereis a transportation sector thdbes generate income. To be completely rigorous, |
would need to model this sector. However, it would seem toveEraspecial case, in which

tariffs and transport costs affect income in such a way teedfthe differences highlighted

20 Recall equation (10).
21 Note though, thati; ando affectplg in the exact same way, as shown by equation (10).
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by the underbraced term in equation (13). Therefore, thdtrésat ad valorem tariffs affect
exporting profits differently than iceberg transport castsot driven by my simple baseline

model.

2.4 Equilibrium

Firms will enter each market as long as there are positivitgrthat is, until equations (5)
and (12) are driven to zero. Thus, define the cut-off firms aditins that draw the values

in the index(i) that solves the following equalities:

Bk = f(ikn) (14)

B;i .
ytngjs,l = f(ix) (15)
Bj = f(ijp) (16)

B .
Vﬁka“ = f(ijx). (17)

The indicesyp andijp represent the firms that are indifferent between produtiadetero-
geneous good and not producing at all in couktgnd j respectively. The indiceigx and
ijx represent the firms that are indifferent between servinp bt domestic and foreign
markets and serving only the domestic market. Furtherntioegterms on the left-hand side
of the equalities represent the variable profit for a paldictirm and are functions of the
total mass of firms (domestic and foreigf?).
Figure 1 illustrates the profits, with zero variable tradstspof firms in countrk in-

cluding those who export and those who only sell domesyiéallt can be seen that the

greater the indek the greater the fixed cost to enter a market, and thus the tbeerofits.

22 Note that sinceé ando enterB identically, it can be seen by equations (15) and (17) theéris paribus,
iceberg transport costs and ad valorem tariffs will leaditieient firm cutoff values.

23 For numerical simulations, | assume that the functién is linear.
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The intersection with the horizontal axis represents tldexrin which profits are zero for
operating in that particular market. Note that the line espnting export profits defines the
profits from exporting in addition to serving the domestiakea. In other words, firms with
an index € [0,ixx] make profits from exportingnd serving the domestic market, and firms
with an indexi € (ixx, ikp] make profits from only serving the domestic market. Firm$wit

an indexi > ixp do not produce.

Domesticrt

s

Exporterrt —

o Lo i
1 1

Export + Dom. Dom. only No productﬁn

Fig. 1 Profits from production in country with free trade

After careful inspection of the equilibrium conditions,cén be seen that there are, in
fact, two systems of two equations and two unknowns: equsi{ip4) and (17) and equations

(15) and (16}* Moreover, due to the symmetry it is sufficient to only focusome country.

24 This nice simplification stems from the utility specificatiosed.
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I will focus on the output market in countik and thus equations (14) and (17). For future
use, it will be helpful to rewrite the equilibrium conditisn(14) and (17), in the following

manner:

o u
Hlho) = &(ivp + (ko)1 ¢ijx) (18)
fikp) = Eo® i (ijx). (19)

3 Changes in Equilibrium

Although, I cannot explicitly solve for the cutoff valuestivout assuming a functional form
of the fixed cost mapping (i), | am still able to characterize the comparative statics. To

tally differentiating this system of equations (18) and)(t@lds the following comparative

statics:
Oix _ _ L g i o)
T =y ool + Y <0 (20)
dijx  (1-¢)f(ip) .
e = oy LHalio)]) <0 1)
di i) [K flio)?
oy flik)py L f’(ikD)} <0 (22)
dikD . £yf(lx) N
EI Tj[1+a6(IJX)] >0 23)
Jdio  (e—Dyf(ijx) -
do o—wl[1+5(nx)] >0 24)
dikp _ tf(ijx)
oy e O (25)
where

_ Plio) [F(3) (1, flio)? y
v= f(ivo) { fix) (5 T i) ) JFVtkf(']X)} , and

zf'(2)
e > 0.

o(z) =
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The termd(z) represents the elasticity of fixed costs with respect tortdexi, eval-
uated atz. Equations (20) through (22) represent the effect of cheungérade restrictions
(either through a tariff, transport cost, or foreign beadtdhcost) on the cutoff firm serving
the foreign market. It follows that increases in trade reitms decrease this cutoff, or in
other words the mass of exporting firms has decreased. Bgalsiog the mass of exporting
firms and the foreign firms still producing now charging a leigprice relative to domes-
tic producers, there is less competition in the domestidketaihis decreased competition
makes being a domestic firm more profitable, thereby inangabie mass of domestic firms
—illustrated by equations (23) through (25). The fact thatéased trade restrictions, in gen-
eral, have these results is not surprising. What is impoisathat different trade restrictions

correspond to different magnitudes in firm cutoff changes.

Itis not sufficient to simply show that the magnitudes of tbeparative statics are dif-
ferent in order to show that there is a meaningful differeme®veen iceberg transport costs
and ad valorem tariffs. If there is a mapping betwgeand o that equates the comparative
statics, then we simply have a monotonic transformatioriadty, there does exist @, o)
pair that equates the comparative statics (20) with (21) (@8 with (24). However, this

pair is not identical for both equalities. Note the follogin

ﬁijx 0ijx aty (th)l_sijxf/(ikD)

—— == — =1 - - >1 26
Otk do o * ef(ikp)[1+ O(ikp)] (26)
dixp  dixp aty 1+C¥5(ijx)

o do Y 1+(ijx) = @7)

As can be seen, thig, o) pair that equates (20) with (21) is not the same pair thattegua
(23) with (24). This reinforces the fact that iceberg trasgosts are not isomorphic to ad

valorem tariffs. I illustrate this in more detail througtidibe following sections.
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3.1 Variety Effect

As just shown, different trade barriers affect the entry exitidecision by firms in different
ways. This is important for two main reasons; the effect dalteariety is part of welfare
and if two or more barriers are changing at the same time citifical to understand these
differences to know whether these changes will amplify ayate each other. Therefore, |
now investigate how each trade barrier affects the equilibmass of varieties. The corre-

sponding effects on the mass of varieties in couktaye as follows*®

‘%‘(k — &wllx) {l+ ad(ijx) — (o) 1+ (ko)) — %60"'3)} (28)
Mo (U0 (13 5] o avslio)} 29
0Nk 1 1 B . _ f/(ikD) U

Ty _ W {(W 1) f(ivp) flivo) S} <0 (30)

It can be seen from equations (28) and (29) that the effeardfs and iceberg transport
costs have an ambiguous effect on equilibrium total varigtge following proposition pins
down the condition that ensures a pro-variety effect assediwith decreases in iceberg

transport costé®

Proposition 1 Thereis a pro-variety effect associated with decreases in iceberg transport

costsif and only if

1 - 1+ d(ikp)
('[kO')£71 1+ 6(ijx)'

Proof Proof is by direct calculation.

This is a sufficient and necessary condition. A more resteaatondition for a pro-variety

effect, although one that is perhaps more intuitive, iséf éfasticity off (i) with respect to

25 Note thatNk = i + ijx-
26 Note that this is the case wheéiNy/da < 0.
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the index is nondecreasingiinExamples would include both linear, exponential, and powe
functions ofi.

It is difficult to compare the magnitudes of the variety effeftom changes in iceberg
transport costs and ad valorem tariffs because these mdgeitlepend on the actual values

of t, anda.2” However, | can comment on the direction of these varietyotste
ANy AN
Corollary 1 If 7 < 0then 7 < 0.

ON
Proof Let Tak =0, then

(o) Y14 8(ikp)] = 1+ 8(ijx).

Plugging this into (28) yields:

‘%k _ W {1+ ad(ijx) —1—8(ijx) %5(@)}
_ VLI(I'JX {5(|jx)+:1kf5(|k[,)} <0

Itis straightforward thaf < 0= %—’;'lf <0.

Itis obvious that the contrapositive to Corollary 1 is alaget that is‘f%k" >0= % >0.

The fact that trade restrictions can have an ambiguoustedfetotal product variety in a

country is not surprising or new. What is surprising and nethat it is possible for there to
be an anti-variety effect associated with lower transpost€ while there also being a pro-
variety effect associated with lower tariffs. Thus, undentain specifications a reduction in

both trade barriers could lead to no change in total prodaicéty. Again, these differences

27 For purposes of comparison, one logical choice would be tuatethe comparative statics when the
trade restrictions are equal. Let=t, = p > 1, then

ONg ( V) INg
+ = -
o=y=p \P/ Y

Ot

o
" do

o=te=p o=t=p
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are driven by how iceberg transport costs affect profit déffely than an ad valorem tariff.
Changes in a firm’s variable profivif) are the reason for entry and exit and the variable

profit is more elastic with respect to tariffs than icebeamsiport costs:

fovm o ovmr _ —F(ijx) [F'(i0)  + £ (ik0)?] <0
Vit oty vt do  f/(ijx) [/ (o) M+ €T (ikp)2] + eVt (ijx)2F (ko)

This, in turn, affects the elasticity of the firm cutoffs — tbetoffs for an exporting and a
purely domestic firm are more elastic in response to a change ad valorem tariff than
iceberg transport costs. Turning now to the elasticity tdilteariety, Nk, which | define as

Py, andpg for tariffs and transport cost respectively:

p, = o) {1+0!5(ij><)— (40" 1+ 8(iko)] - ;‘%5(%)}
po = EZRIA (1.1 610 - (40)* 1+ 810}

Comparing the two elasticities yields:

_ tkyf(ijx)
Nk

. X <.
—Po {1- 0o 1+ 8lio)] - 250 | <0
One has to be careful in interpreting this result given tisailte of Corollary 1. If there
is a pro-variety effect associated with a decrease in icetransport costs, then the total
product variety ignore elastic (but is negative) with respect to tarffsif there is an anti-
variety effect associated with a decrease in ad valorefffistatien the total product variety

is less elastic (but is positive) with respect to tarif& Finally, there are scenarios in which

28 Recall, from Corollary 1, that ib; < 0= p, < 0. Thus, in this case, {fip, — Po) < 0 then|py, | > |po].
29 Again, from Corollary 1, it follows that iy, > 0= pg > 0. Thus, in this case, ifo, — po) < 0 then
lps| > |py|-
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the two trade barriers have opposite effects on varietytiegun ambiguity as to the relative

elasticities.

3.2 Welfare Effect

Though the number (mass) of varieties is a significant pantaifare, it is not the only part;

price changes also affect welfare. In this section, | aralyaw modeling trade barriers as
iceberg transport costs affects welfare (through bothewaiand price changes) differently
then by using an ad valorem tariff. The indirect utility obthepresentative consumer, and

my measure of national welfare, is

Vie= pIn(Xq) + Ik — . (31)

Income is equal to labor income plus profits from domestjcaitned firms (for purposes

of comparison, | will omit tariff revenue and a transporttee@s sources of income):

|k:Lk+/OikXnﬁz(i)di+/oimng(i)di.

There are many potential ways to compare the different &ffec welfare from changes

in the different trade barriers. In order to be as succinct eear as possible, | make a
few further assumptions. As mentioned, | omit the differ@vénues of income from trade

barriers; i.e. through tariffs or a transport sector. Femthore, although this model can easily
analyze asymmetric changes in trade barriers, | will fosusyonmetric changes in identical

tariff levels ¢ = tj =t). Note that these assumptions, along with quasi-linedityutiesult

in a completely symmetric equilibrium. Thus, for brevityyill drop country subscripts.
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Differentiating national welfare (31) of countkywith respect to the tariff and iceberg

transport costs yield®

oV [(Co+0oCx)—u|or oCx
ﬁ_[T o @ % 32)
oV [(Co+0Cx)—pu| a2z
o _[ T ORI ST o<, (33)
where
07 PE dip (at)1—¢. 1-¢ Oix
W*[m] {W*“‘f) o) 5| > 0. and
07 e dip (ot)—¢. 1 e Bix
30 —[m] {%“1*8) I+ (0" 5] >0

ThetermCy = ci)x x(i)di represents a country’s aggregate consumption of impoeeelties
of the differentiated good and | defi@g = ng x(i)di as a country’s aggregate consumption
of the domestically produced varieties of the differemtibgood.

For purposes of comparison, let the tariff level be idettiodceberg transport costs;

i.e.t = g = p. The differences in the welfare effect is:

oV av_[(cDJracx)—u} (ot):¢f'(ip)  Cx

o0 | (1) oy 10 (34)

Therefore, excluding income effects from tariff or trangpevenue, using the lessons learned
from lowering iceberg transport costs underestimates #ifave benefits of trade liberaliza-
tion from a reduction in tariffs. This suggests that, giviea thoice, it may be more welfare
improving to focus efforts on tariff liberalization thanwering transport costs. Since like
firms (domestic or exporting) have the same marginal costandequently the same price,

the extensive margin is the driving force behind the changike price index. Further, in

30 Detailed derivations are available upon request.
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this particular situation, iceberg transport costs aratidal to per-unit costs since marginal
costs are homogeneous and normalized to one. Therefollsiedtting, there are greater
welfare gains from a reduction in an ad valorem tariff thaeduction in per-unit transport
costs. Irarrazabal et al. (2010) find that the welfare gam® freducing per-unit frictions are
higher than that of reducing iceberg frictions. Their mduis heterogeneity across marginal
costs which emphasizes within-market reallocation as dgitiadal channel of gains from
trade; this is obviously a different model. However, my maleggests that if ad valorem
tariffs were used instead of iceberg transport costs, thisig welfare gains would at the

very least be dampened.

4 Conclusion

It is common in the recent trade literature to simply assuoceberg transport costs as a
general proxy for many types of trade restrictions (in paitir ad valorem tariffs). When
perfect competition is assumed the two trade barriers amgous. However, in the often
used model of monopolistic competition, this is no longerdhse. | have provided a simple
model of trade with monopolistic competition and heteragrrs firms that illustrates how
changes in iceberg transport costs affect profit diffeyethithn ad valorem tariffs. This, in
turn, affects the elasticity of entry and exit differenflyhis elasticity of entry and exit is
important as it affects the equilibrium number of varietéewl the aggregate price index;
both of which affect welfare. Furthermore, | have shown @i#ttough iceberg transport
costs and ad valorem tariffs have an ambiguous effect ohvantiaty, they do not necessarily
have the same effect; i.e. it is possible for there to be airvaniety effect associated with
lower transport costs while there also being a pro-varifgceassociated with lower tariffs.

Finally, | have shown that using the lessons learned fronefow iceberg transport costs
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underestimates the welfare benefits of trade liberalindtiom a reduction in tariffs. Thus,
there are consequences in how one chooses to model tradetiest. These consequences
can be over(under)-emphasizing the effects of trade lilzatan or a misspecified empirical
equation. For instance, Cole (2010) illustrates using than@y (2008) framework that the
elasticity of trade flows with respect to ad valorem tariéfaot a constant, like that of iceberg
transport costs, but is a function of the elasticity of siibson. This has implications for

how one would specify their estimating equation when usiggaaity model.
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